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Fig. ２－４　(a) Simulation of am-
plltude by pure capacitance (1 -
3000 pF). (b) Simulation of am-
plltude and phase variation by Ｌ
-C-R resonance circuit (L=50 yH,
C=37 PF, R=10 ｋΩ）．　(c) Simula-
tion　of　　amplitude　　variation
resonance damp ing due to Ｒ (L=25
μＨ，　Ｃ＝３５ PF,　R=<>°, 10 Ｋ，フ．５ Ｋ，
５．１ K, 3.0 Ｋ，１．０ｋΩ），ａｎｄ lower













　　　　Thebalancing of the capacitance bridge should be carefully adjust-
ed so that C*　in eq. (2.1) becomes　to be zero. But, if an unbalanced
quantity still remains,　the resonance frequency Ｗｉ１:Ｌshift　and　the
calculated electron density must be corrected.　For ＣＯ:Ldand homogene-
ous plasma. ｎｅｇ:lectﾆingthe edge effect of antenna, the equivalent cap a―
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Fig.　2-13　　Block diagram of self and mutual impedance mea-




Fig. 2-14　Rocket borne instruments, (a) Lambda 3H-5 (four
whip antennas with １３０cm in length and one vertical antenna
with ６０cm in length) ; (Jo) Lambda 3H-6 (two whip antennas
with １６０cm in length).
61 －
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§3.　Experimental Results
3.1　Gyro-plasma Probe Experiment
　　　　Layout of the present experiment, including ａ cylindrical antenna
with ６００mm in length and １０ mm in diameter, is shown in Fig. 3-5.　As
noted in section 2.1, Chapter 工I, an antenna impedance is measured in
ａ form of　　Ｃ’ｅｘｐ（－ｊ４ﾉ）　givenin eq. (1.44).　Typical examples　of
antenna capacitance　Ｃ　as ａ function of frequency are given in Ｆｉｇ・
3-6 (a) and (b).　Argon plasma with gas pressure of　　１，６×１０‾３　torr.
is produced by the barium oxide cathode plasma gun.　In the case ｏｆ（ａ），
the measured upper hybrid resonance frequency is 9.99 MHz from which
electron density is deduced to be　　1.22×１０６　cm ;　　the gyro-reson-
ance frequency is 1.18 MHz (the geomagnetic field intensity of 0.42 gauss)
Slmultﾆaneously, electron density and temperature are measured by　the
Ｆｉｇ・　３－５　　Layout of the gyro-







antenna in ａ plasma as ａ func-
tion of frequency;　(a) Ne =











of antenna when the mag-
netic field is applied;
(a) 0.42 gauss, (b) 2.1
gauss and (c) 3.1 gauss･
fUHR ° 5.7 Hz, 7.9 MHz,
and 10.3 ＭＨｚ‘　^SHR ゛ ４．１
MHz, 5.9 MHz, and ８．７
MHz.
Langmuir probe, which yields the values of　　1.18×１０６cm-3　and 2400　°Ｋ．
The relative error of electron density values measured by two probe meth-
odes is　±3 。２Ｚ．　In the experiment （ｂ），　fuHR = 2.98 MHz　　and　then
Ne ゛ 9.29 ×１０４　cm-^　　Asis evident in this figure, characteristic
peaks are found near 2nd, 3rd, and 4th harmonics of the gyro-resonance
frequency.　These resonance peaks are well-understood by the theory of ａ
warm magnetoplasma discussed in section 2.5, Chapter ＩＩＩ。
　　　　　Whenａ homogeneous magnetic field is added, both upper hybrid reson-
ance and gyro-resonance frequencies　increase.　Figure ３－７shows the changes
of resonance frequencies　for three different applied magnetic field in ten-
Ｓｉｔ!es.　The upper hybrid resonance frequency changes according to the
relation as　　^UHR °／ｊｦi77‾i47‘゜　Thecalculated　fp　for three casesタ
5.58 MHz, 5.26 MHz, and 5.53 MHz, agree with each other within　±5 Z．
When the magnetic field intensity is large, 3.1 gauss in the case　(c).
the sheath resonance frequency １Ｓfound to be very Ｃ:Loseto the　gyro-
resonance frequency･　This fact indicates that the contr:Lbution of sheath
capacitance to the total admittance of an antenna becomes negligible
when the strong magnetic field ﾆIs applied,　ｉ．ｅ・タ　　Ｈｅ２　＜くΩｅ２タ　　as
discussed in section 2.4, Chapter ＩＩ。
　　　　　Inhomogeneousmagnetic field can be superposed by ａ small rectangu-
lar coil (250 mm ｘ３００mm) set near the antenna ｔｉＰ・　TheIntensity
changes inversely proportional to　the distance along the antenna ａχ１Ｓ．
The homogeneous static magnetic field (3.45 gauss;　ｆＨ゛ 9.67 MHz) is
applied by the helmholtz coil in the nitrogen plasma (Np ゛ 8.65×１０５ｃｍ‾３），




一 一 一 一 -
Ｆｉｇ・　３－８　　Capacitance of
antenna in an inhomogene-
ous magnetﾆic　field.　Uni-
form statﾆic field is　3.45
gauss.　Small coil cur-
rents are 0, 1, 3, 6, 8,
12, 16, 22, and ２５ Ａ．
and the small coil　current is varied from　Ｏ Ａ to ２５Ａ．　The results
are shown in Fig. 3-8.　As the coil current increases ，　the capacitance
gradually increases near　^UHR　and decreases near fsHR-　Both　^SHR
and　fmjj) are shifted to higher frequency when the applied　magnetﾆic
field Increases.　The capacitance in lower frequency part shows　dents
and the minimum appears neａｒthe plasma resonance frequency.　The results
accord　Ｗｉｔﾆｈthe theory of an antenna in an inhomogeneous plasma given
in section 2.4, Chapter II.
3.2　Mutual Impedance Probe Experiment
　　　　　Ａrocket-borne mutual impedance probe with two whip antennas was
tested in the laboratory plasma.　The distance ｂｅｔﾆweentwo antennas is
kept constant in the first experiment.　To study the effect of electro-
static wave excitation upon the measurement of the mutual impedance.
the movable receiving antenna is used to measure the dispersion charac-
teristics of wave。
　　　　　Theinstrument　is set in the center portion of the chamber filled
with argon plasma with electron density of about　　１．５×１０５cm ,　and
























Fig.　３－９　　Self Impedance measurement by gyro-plasma probe (a), and
the received signal intensity （Ｏ dB = 0.1 ｖｒｍＳ）ｏｂｔａｉｎｅｄby mutual
Impedance probe (b).　Left side; Ne ゛１’４）（１０５ｃｌｌ‾３１　^UHR°3.70
MHz,　and　% ゛ 1.55 ＭＨｚ‘　Right side;　Ne ゛１’５×１０　ｃｍ‾　タ　fUHR
°4.30 MHz,　and　fH = 2.22 MHz.
function of frequency is compared with the capacitance of antenna meas-
ured by the gyro-plasma probe, as shown in Fig.　3-9.　The resonances
corresponding to　fSHR>　fuHR　and　2fH　are identified In the received
signal intensity, especially ａ marked change at the 2nd harmonic gyro-
resonance frequency。
　　　　　Inthe second experiment, a disk mesh sensor with １９５mm in diamet-
er is used as ａ transmﾆItter, the swept frequency signa:Ｌbeing　applied
through ａ coaxial cable terminated to the ground by the low impedance
of 50 n.　The disk plate with １００minin diameter is used as ａ receivﾆIng
antenna. which is movable approximately perpendicular to the　applied
magnetic field.　Two methods are used to detect the ｅ:Lectrostatic mode
wave propagating in ａ plasma;　one is square-law or linear ａｍｐ:Litudede-
tection system (ASD).　The input potential ｔﾆｏthe receiver is considered
to take the form as
　　　　　　　　^IN ° Aa(r)sin(ωｔ十φ１)十Ｂａ・exp(-k-;r) sin(ωt十ｋｒ・ｒ十(|)２)　　(3.1)




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































measured by Kappa 9M-
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Fig.　4－3:Ｌ　　Electrondensity profiles obtained by the VLF
Doppler method (after I. Kimura and Ｔ・　Tomimoto) and by
the gyro-plasma probe (Kappa　9M-35 and 38).
Yosaml Station (34°３６１　north, 137°01' east) was received by the dipole
antenna (3 ｍ in length from tip to tip).　From the 22.3 kHz source　in
southern hemisphere, two signals were received by the rocket:　ａ down-
coming signa:Ｌ which propagated to the rocket along the magnetic field
line and an upgoing signal which propagated through the earth-ionosphere
wave guide and then upward through the ionosphere to the rocket.　The
Doppler shift can be detected with ａ precision of ±２ Ｚ for most of the
time of rocket flight except near the apex and in the lower part of the
ionosphere。
　　　　　Thecylindrical antennas (600 mm and 1150 nun in length and １５ mm
in diameter) was used as ａ sensor of the gyro-plasma probe which was
standarized to measure the amplitude of antenna admittance.　The ｅ:lee-
tron density Is deduced from the measured upper hybrﾆid resonance frequ-
ency and the results are shown in Fig.　4-7, in section ３．１。
　　　　　Themeasured electron density distributions versus altitude are
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Fig.　４－３４　　Comparison of the ｅ:Lectron densities measured
by Langmuir Probe (LP) (after Ｈ．Mori) and gyro-plasma
probe (Kappa 9M-38) ,
Fig.　4－３５　　Records obtained by two-
wire probe (after H. Mori) and gyro-
plasma probe (Kappa 9M-38) .
- 140 －
Fig.　4-36　　Comparison of　output
wave forms obtained by gyro-plas-
ma probe (GP) and ｔﾆwo-wire　probe
(TWP).　Ｒ denotes　the received





















































Design Concept of Gyro-plasma Probe　　　The gyro-plasma probe for the
REXS satel:Lite (工PS) is designed to measure the antenna Impedance
characteristics as ａ function of frequency over ａ wide range which
includes various plasma resonances. Since the observed data are trans-
mltted through ａ time-sharing PCM telemetry, the onboard data process-
ing system are required to provide all digital information of measured
plasma resonances and antenna impedance values。
　　　　Ａ block diagram of the general concept of IPS is shown in Fig.　5-2.
The system consists of the high frequency gyro-plasma probe (IPH), the
１０Ｗfrequency gyro-plasma probe (IPL), the frequency calibration
circuits (IPS CAL), the timing control signal generator including the
antenna switching circuit, and the data processing system。
　　　　The swept frequency ranges are　0.2-15 MHz　for IPH channel and
0.3-15 kHz　for IPL channel.　The upper hybrid resonance frequency
（ｆＵＨＲ）ａｎｄthe sheath resonance ｆｒｅｑｕｅｎｃｙ（ｆＳＨＲ），ａｎｄａｎｔｅｎｎａadmittance
values are detected and stored in the IPH channel.　The lower hybrid
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the linear detector.　This d.c. signal from the rectifying circuit is
supplied to the logarithmic amplifier;　the output slgna:Ｌfrom the
logarithmic amplifier is fed to　the resonance detector circuit for
the upper hybrid resonance frequency (Fhi) and to the level hold circuit
for Lhi~3.　１ｎthe other channel, the d.c. signal is fed to the linear
amplifier for detection of the sheath resonance frequency (Fha).　The
electrical circuit　diagram are described in Fig.　5-14.
1）　Mixer：　　　　Asillustrated in the figure, the mixer is ａ diode
bridge-type double balanced modulator whose input and output　impedances
- 154 －


























































































































form from the ｔﾆuned
amplifier (upper　trace)
and frequency detect
pulse with pulse width
of　　１００ysec from the
monostable multi-














































































(lower trace) from the com-
parator;　dummy resonance
circuit are used. The wave


























nance detector;　output from loga-
rithmic amplifier is superimposed
(upper trace) .
１）　Sampling-Hold Circuit：　　　The sampling circuit consists of junction
type EET's　that works as an analog switching elements:　these gates are
opened by ａ trigger from the data channel selector as will be discussed
later. The sampling　ｇａtﾆｅ　timeis　100 ys.　i.e..　the same interval
with !二hepulse　width of the monostable multivibrator.　Sampled potential
values　are　stored in ａ charging condenser　Ｃ　and discharged to　zero
value by the reset signal.　The potential ０ｆ　Ｃ　istransmittﾆed to the
encoder circuit (ENC) through ａ negative feedback d.c. amplifier　that
operates as buffer circuit　with ａ high input impedance.　The gain of
this amplifier is set ｔ００ dB.　The input versus output charactﾆeristics
of sampling-hold circuit　are given in Fig.　5-23. The operation　time
















































































FOR SHR & Lhi









trace) of delayed monostable
multivibrator of the inhibit circuit.
First pulse is triggered by word
synchronous pulse and second
pulse Is triggered by UHR detect
pulse.　Output curve from logarithmic
ａｍｐ:Lifieris superimposed (upper
trace).
Gate-width Control　Circuit　　　The gate-width control circuit illustrat-
ed in Fig.　５－２７generates ａ gate pulse to the frequency counter for
Fhi　and Fh2, and the frequency calibration signal.　The crystal control-
led oscillator of Pierce-type is used as the standard signal (6.5000
MHz).　This standard frequency is demultlplied by １６through the
8-blt　shift resistor coupled to the flip-flop circuit。
　　　　Theslgna:L of 406.25 kHz （＝6.5000 MHz/16) is applied to two
circuits;　one is the flip-flop circuit which demultip:Lies the signal by
４ and sends to the frequency calibration circuit, the other is an 8-bit





























trace) and output pulse of the
monostable multivibrator (upper





where　An　Is　the output of the mono-multivibrator which･ ﾆis triggered
(say at n°1) by the UHR and SHR detect pulses, and Bn is　the invert-
ed pulse of　Qn-　The Ｃ:Locktime　て　of pulse　Gn　is equa:Ｌｔ０1/406.25
kHz,　i.e.,　T = 2.4615 us.　　Since the pulse width is less　than　１６て
(n, = 16) and longer than ８ て（ｎ＝８），Ｑｎ＝１（９≦ｎ≦16). Consequently,
the output pulse width of the 8-bit shift resistor is just ８ て(19.692
ys) being controlled accurately by frequency of the crystal controlled
oscl:Llator and gated at the time after ８ T period from triggering of the
mono-multivibrator. This pulse is used as ａ gate pulse to the frequency
counter for　Fhi　and Fh,.　The gate pulse and the output pulse of the
mono-multivibrator are shown in Fig.　５－２８．　Jitteringis raised by time




















































































































































２）　Voltage Controlled Oscillator：　　　　Thevoltage controlled oscillator
（ＶＣ０2) is the modified high-pass-type phase shift oscillator.　The
phase of ａ current is advanced by four　CR　ladder circuits and the
oscillating frequency is selected due to the condition to Ｓａｔﾆisfy
that the phase of　feedback　signal advances by　１８０°　fromthat of
the input signal.　１ｎ this circuit, the signals having the different
phases　from 3rd stage and 4th stage of　CR　ladder circuits are fed
back to two inputs of the balanced amplifier　(TRi　and TR2), and　the
saw-tooth potential from　VRi　controls the gain of　TRi .　The
oscillation frequency １Ｓdetermined by the potentia工ｒａtﾆio of these





]:ｎthis circuit, the oscillation frequency changes from　３３kHz to
４７kHz　in accordance with applied saw-tooth potential change of Ｏ volt
to ４．５volts.　This type of ａ phase shift oscillator is commonly used
to generate ａ signal ０ｆfrequency at VLF range.　An advantage of this











































signal output applied to antenna.
Saw-tooth wave form is supe-
imposed (:Lower trace) .
『?』〕﹈???
5CX〕
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Fig.　5-35　　Frequency
charactﾆerist二Ics of　１０Ｗ－






same as corresponding part of IPH.　In this case、the leakage of local
swept signal (33 kHz　ｔ０４７kHz) should be carefully eliminated by the
double balanced ｍｏｄＵ:lator.　Theupper side band of output signa:Ｌfrom
吋ｌｅｍｉχershould also be depressed by the double tuned Ｓｅ:lectlve
amplifier with the band-pass filter designed to have the narrow pass-
band characteristics (+ 600 Hz at － 3dB).　This Illustrated in Ｆｉｇ｡　　　　　　　　　　　　　　　　　　　－
5-39.　The characteristics of input versus output of this circuit are
shown in Fig.　5-40.　The d.c. signal output　from the logarithmic ａｍＰ:li-
fier is applied to the frequency detection circuits for the lower
hybrid resonance frequency　Ｆ兌　and to the sampling hold circuit for

















































































Fig.　5-41　　Frequency detector;　center frequencies at 1.25 kHz,
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　　　　　　　　　　　　　　　　　　　　　　　　（お　　　　　　　　　　　　　　　．ｌ｡
Fig.　5-44　　　Performance of resonance detector;　output wave
form from logarithmic amplifier (upper　ｔﾆrace) and resonance






hold circuit (HOLD ２ for
Ｌ兌い3, and HOLD ３ for FSi and
Ｃ几１～４）．
admittance as ａ function of operating frequency is detected to give
the absolutﾆｅｖａ:lueof equivalent capacity (admittance value divided
by the operating frequency).　The rocket-borne gyro-plasma probe
includes both amplitude and phase detectﾆors to measure the vector
Impedance of an antenna.　The satellite probe, however, does not
include the phase detector circuit for restriction of allowed payload
weight　and limitation of　the PCM telemetry system｡
　　　　Thecircuit diagram of the pre-amplifIers　is illustrated in Fig.
5-46.　The pre-amplifier comprises the emitter follower circuit, the
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Fig.　５－５７　　Structureof three monopole antennas and
two １００ｐantennas.
Eccofoam FPH.　To protect　against temperature　increment,　ａ　thermal
barrier　of　aluminium foils is muffled　around　the　main instrument.
The covering-case of the pre-amplifier is painted black for the thermal
coupling between the pre-ampllfier　and　instruments of the spacecraft
because of its small heat capacity。
　　　　　Standardizedpre-fllght test conditions for the mechanical　and













































































































terms of the equivalent
capacitance.　The peak of the
wave form appeared at higher
frequency side, is due to ａ
resonance like phase variation
in the characteristics of ｔﾆhe
pre-ampllfier circuit.　The
frequency dependence of ampli-
tude is mainly due to the ampli-
tude variation of the sweep
signal versus frequency that
is applied to the antenna.　The
measured values of equivalent
capacities at ３００kHz （Ｌｈ１）
and １３ MHz (Lh3) are given in
terms of PCM count in Fig. 5-60.
These results are obtained
-
???????????????????????









ance versus output decimal data
（Ｌｈｌand Lh3) through sampling-














































Corresponding to ０．３MHz, fTjHR and １３ MHz,
frequencies are detected and potentials
（Ｌｈ１，Ｌｈ２and Ｌｈ３）ａｒｅsampled and stored.
Output wave form of logarithmic　amplifier
１Ｓ superimposed.　Dummy antenna circuit　of
Ｃｏ（Ｌ／／Ｃ）　（Ｌ＝１００ uH,　C = 30 PF,











Fig.　５－６２　　Resonance frequency detection; (a) output of Fhi
is ００１０ｎ００(binary)Ξ44 (decl皿al) which is equal ｔ0 2.23 MHz,
and (b) output of Fh2 is 0011010（ｂｉｎａｒｙ）三26 (decimal) which
is equal ｔ0 1.32 MHz.　Output wave form of logarithmic
amplifier is superimposed (Vertical　：　０．５ Ｖ／ｄｉｖ．）．Ｄｕｍｍｙ
antenna circuit　（Ｌ＝１００即，Ｃ＝１５ pF and Co = 100 pF) are
used.
ance of the antenna in ａ plasma is thought to be represented as RC
parallel circuit with an inclination of　６dB/Oct. The difference
197 －
















































one is stored and
transmitted as Ｆ見．
Output wave form of
logarithmic ampli-
fier is superimposed.
The dummy ant enna
circuit with Ｌ of １Ｈ，




wave form for this
reference level is
superimposed.　Sampled
potential is ａ little
less than saw-tooth
voltage, due to input-
output characteristics
of the sampling-hold
circuit (HOLD ３， see
Fig. 5-45).





































































































(a) Mode　C (temperature of
８．５°Ｃ）。　（ｂ）ＭｏｄｅE (temper-
ature of　３０.００Ｃ）．　Antenna
is replaced by dummy ｅ:lectrl-
cal circuit ， i.e.,




























































































Fig.　5-71　　Ａset of output data obtained In the space chamber
experiment.
is ２２pF which coincides well with the measured value of Lh3.　The value
of　Lh2　represents the equivalent　Ｑ　(Quality Factor) of the　upper
hybrid resonance curve.　As　the electron-neutral　collision frequency
increases,　the ｖａ:Lue of　Ｑ　decreases and　also　the　value　of　Lh2
increased.　This change of the value of　Ｑ　is related not only to
the collision　frequency of　electron-neutral particles,　but also to
the complicated mechanism　of an　ｅ:lectrostatlc　wave ｅχcitation near
ｔﾆhe upper hybrid resonance. １０７　　The value of　Lhi　represents　　the
sheath capacitance of an antenna.　As　an　electron　temperature in-
creases while an ｅ:Lectron dens:Ity remains constant, the value　of Lhi
decreases, because of increase of the sheath radius which is　controlled
by the Debye length。
　　　　　Theoutput ｖｏ:Ltages of　L£i (1.25 kHz),　Lio (3.80 kHz)　and　Ｌ見３
(6.65 kHz) are　２．４ Ｖ，　２．１ｖ　and　1.86 V．　These are translated to the
- 205 －
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　Fh,:■:い（J1　0　1（ 1　l l　l　　Fhi s 0　ト０　　　：
　　　　　　　　　　　　　　｛ａｊ　　　　　　　　　　　　　　　　　　　　　　　ダヒ
Fig.　５－７４　　　Frequency change of upper hybrid resonance due to applied
magnetic ｆｉｅ:Ld　;(a) 0.57 gauss, (b) 1.14 gauss.
47 pF deduced from　Lhi (1.65 V) within ａ measurement error.
Results of Applied Magnetic Field　　　The upper hybrid resonance frequ-
ency Is ａ function of ａ magnetic field intensity.　To identify the
Fhi　resonance to be the upper hybrid resonance frequency, an external
magnetic field is applied being controlled Its field intensity tc
change the electron gyro-resonance frequency.　(see section 3.1,
chapter Ill). Two ｅχamples of experimental resu:Its in the ｈｅ:Llum plasma
with the gas pressure of　　　１．４×１０‾４　torr・,and the electron density
of　。４．０× １０　ｃｍ‾３　are shown in Fig. 5-7A, (a) and (b).　The produced
magnetic field intensities are 0.5 gauss and 1.14 gauss;　outputs of
the binary counter for Fhi　corresponding　to these magnetic field inten-
sities are 2.386 MHz and 3.707 MHz, respectively.　Calculated values
of the upper hybrid resonance frequencies using the observed electron
density and the magnetic field strength are 2.41 MHz and 3.66 MHz,






































































































































































































































































































































































































































































































Fig. 6-3　　Records of 工PS quick-look (rev.　//23, Aug 2:L, 1972)
the values are gradually　decreasing. The admittance value at　^UHR（Ｌｈ２）
is Inversely correlated to the values of Fh,　and Fh2 ．　The value of
Lh3　shows　the　admittance　of　the　antenna　In　free　space.　and
slightly decreases as Fhi　increases.　Admittance values at VLF range
(LJi) are abrupt:ly changed when the spacecraft passed through the
shadow line due to the earth.　The detailed features of the observed
data ｗﾆＬ１１be given later。
　．　To check the instrument operation, the command signal ”PI CAL ＯＮ”
was　transmitted at the revolution #17.　The transmitted data of sub-
carrier frequency through a A00.5 MHz for the frequency monitor of the
crystal controlled osci:Llator for the gate control ＣﾆIrcuit of the
high frequency gyro-plasma probe was just 5.59 kHz.　The swept　frequency
of　the low frequency gyro-plasma probe was from 5.01 kHz　to 5.23 kHz,
as shown in Fig.　6-4.　These calibration data showed quite normal values





























Fig.　６－５　　Temperaturein IPS pre-amplifier obtained with
house keeping equipment.
　　　　　Thetemperature in the pre-ampl±fier was monitored by the house
keeping instrument, the data from the revolution　〃Ｏ　to　#２５　being
plotted in Fig.　6-5.　The temperature was about ５６°Ｃat the beginning
phase of the orbiting.　As the spacecraft passed through the sunlit
- 225 －







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Frequency Axial Lateral Time
5~35Hz 士15dBip 士O､5=P 3min



























Frequency Axial Lateral Time
5~35Hz 0.4nnnp 0.13mmp 3min
35~100Hz 2.0Gp 0.67Gp n
100~400Hz 2.5Gp 0.83Gp
11
200~2000Hz 5.0Gp 1.7Gp
U
(3)ShockTest:
(4)
(5)
(6)
?????
MechanicalConstruction(Interface)ofeachpart,
ElectricalInterferenceTest,
DynamicalBalanceTest,
MomentofInertiaTest,
ThermalVacuumTest,
Magnetic-momentTest,
(10)Adjustmentbetweenspacecraftandlaunchingvehicle.
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D ComputationofReliabilityofIPS
Transistor
n
n
?
?
????????
(lowpower)
(n)
(highpower)
(analog)
(n)
(logarithmic)
(digital)
(n)
(lowpower)
(zener)
Resistor(constant)
II(variable)
Condensor(tantalum)
II(ceramic)
n(mica)
n(variable)
Coil
transformer(signal)
Relay(latching)
Crystal
DEMconnector(pin)
SMBconnector
20
100
45
100
50
250
250
25
150
3
10
2
200
10
10
10
150
10
10
70
150
1
2
0
?????????? 『?
???
TOTAL
127
10
3969
-
5407
2900
400
45
1400
850
500
500
775
900
228
110
1188
9200
720
2130
1090
600
240
510
140
450
127
20
1984.5
-
27007.5
(1)λ(failurerate)ofeachelementisestimatedunderthe
conditionthatthederatingratio1S0.25at30°Candthe
confidencelevel1S60Z｡
(2)lnthecaseofthespacecraftREXS,eachobservational
instrumentshouldbedesignedtohaveitsreliabilitymore
than0.948,inordertokeepthereliabilityofthewhole
spacecraftsystemmorethan0.9.
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E CalibrationCoefficientsforIPS
A11thevaluesusedhereareexpressedbythefloatingpointsdata
ofFORTRANIVlanguage;EIndicatesthesingleprecisionexponential.
(1)Thetemperatureofpre-amplifierismeasuredwiththehouse
keepinginstrument(HK),andthetemperature(T°C)versustheoutput
decimalvalue(No)isgiveninFig.E-1.Thiscalibrationcharacter-
isticscanbeapproximatedbyafollowingpolynomialfunctionselecting
Cnvaluestomakethebestfittothemeasuredfunctionas
where
and
(2)
T,=
6
χC
n°Nn'1
n=1
Ci=-0.3907810E402,
C2=十〇.4135541E十〇〇,
C3=十〇.7335699E-03,
C4=十〇.7939580E-05,
C5=十〇.3150700E-07,
C6=十〇.3742000E-10.
〔???????
S
N:DECIMALVALUEOFHK(W.,F=18)
Fig.E-1Outputdecimalvalues
vs●tempertureinpre-amplifier
ofIPS.
ThecoefficientsCnforthetemperaturecorrectionofFhi.Lhi,
andLh3thataregivenineq.(5.30),are:
FhiLhiLh3
Ci十〇.5611062E十〇〇-0.8008370E十〇〇十〇.1700000E-02
C2-0.5955836E十〇〇-0.4531361E十〇〇-0.1022510E十〇1
C3-0.2533402E-03-0.3754487E-01-0.4787000E-01
C4十〇.6972036E-03十〇.3764375E-04-0.2730000E-03
C5十〇.7875000E-04
AsforthetemperaturecorrectionofFh2,thefollowingstepfunction
isused.
NoforTく21°C,
Nt°
I
No+6.0forT≧21°C.
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(3)
eq･
(4)
are:
ThecoefficientsCforthecalibrationofLhlandLh3In
(5.32),are:
Ci
C2
C3
C4
C5
Lhi
十〇.48436849E十〇〇
十〇.31760218E-02
十〇.66991901E-04
-0.314:L9130E-06
十〇.71353541E-09
Lh3
-0.13788950E十〇1
十〇.53816587E-01
-0.39311962E-03
十〇.14225626E-05
-0.17612791E-08
ThecoefficientsC^forthecalibrationofLili~31neq.(5.36),
Ci
C2
C3
C4
C5
L兄1
十〇.79018545E十〇〇
十〇.27178132E十〇1
-0.21166261E+01
十〇.90672745E十〇〇
-0.12740256E十〇〇
L兌2
+0.11921958E十〇1
十〇.87813898E+00
-0.21107455E十〇〇
十〇.84797601E-01
-0.37502374E-02
μ3
十〇.11488734E十〇1
十〇.10426516E十〇1
-0.43391613E+00
十〇.18222577E+00
-0.16249358E-01
(5)
andNo
ThecoefficientsC^fol°theVo“ldViineq.(5.35)･andVi
1neq.(5.34),are:
????
VoandVi
-0.13509059E-01
十〇.10659802E+01
十〇.47236235E-02
ViandNo
-0.6711605E-01
十〇.1201142E-01
十〇.3793714E-06
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SYMBOLSANDCONSTANTS
aE°6378.160【㎞1
(zeff
6
e=2.71828.･････
eo=8.854×10‾12[F/m]
eR°0.08182
fp=ne/27r
fH°Q.j2-n
恥'り/2Tr
^UHR
^SHR
K=1.381×10爽23[Joule/゜K]
匹[]
λE
m=9.107×10爽31[Kg]
M=Meffx1.673°c10‾27[Kg]
μo°1.257×10‾6[H/m]
1JE･398,603×109[m3/sec2]
Ne=1.24゛104fP2[c゛1‾3]
???
‘q
Rz
????
Z
=-1.602×10‾19[Coulomb]
:Equatorialradiusoftheearth
:Effectiverecombinationcoefficient
:Attachmentcoefficient
:Napier'snumber
:Permittivityoffreespace
:Eccentricityoftheearth
:Electronplasmafrequency
:Electrongyro-frequency
:Collisionfrequency
:Upperhybridresonancefrequency
:Sheathresonancefrequency
:Boltzmannconstant
:Debyeshieldinglength
:Eastlongitude
zElectronmass
:Ionmass
:Permeabilityoffreespace
:Gravitationalconstantoftheearth
:Electrondensity;fpinMHz
:Iondensity
:Electronproductionrate
ZElectroncharge
:Relativesunspotnumber
:Larmorradiusofelectron
:Electrontemperature
:Zenithangle
:Admittance
:Impedance
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